ADDITIONAL INDEX WORDS. alternative container, green industry, landscape performance, sustainability SUMMARY. As the green industry is moving toward sustainability to meet the demands of society, the use of biocontainers as alternatives to petroleum-based plastic containers has drawn significant attention. Field trials of seven plantable biocontainers (coir, manure, peat, rice hull, soil wrap, straw, and wood fiber) were conducted in 2011 and 2012 at five locations in the United States to assess the influence of direct-plant biocontainers on plant growth and establishment and the rate of container decomposition in landscape. In 2011, container type did not affect the growth of any of the three species used in this study with an exception in one location. The three species were 'Sunpatiens Compact Magenta' new guinea impatiens (Impatiens ·hybrida), 'Luscious Citrus' lantana (Lantana camara), and 'Senorita Rosalita' cleome (Cleome ·hybrida). In 2012, the effect of container type on plant growth varied with location and species. Cleome, new guinea impatiens, and lantana plants grown in coir and straw containers were in general smaller than those in peat, plastic, rice hull, and wood fiber containers. After 3 to 4 months in the field, manure containers had on average the highest rate of decomposition at 88% for all five locations and two growing seasons. The levels of decomposition of other containers, straw, wood fiber, soil wrap, peat, coir, and rice hull were 47%, 46%, 42%, 38%, 25%, and 18%, respectively, in descending order. Plantable containers did not hinder plant establishment and posttransplant plant growth. The impact of container type on plant growth was smaller compared with that of location (climate). Similarly, the impact of plant species on pot decomposition was smaller compared with that of pot material.
SUMMARY. As the green industry is moving toward sustainability to meet the demands of society, the use of biocontainers as alternatives to petroleum-based plastic containers has drawn significant attention. Field trials of seven plantable biocontainers (coir, manure, peat, rice hull, soil wrap, straw, and wood fiber) were conducted in 2011 and 2012 at five locations in the United States to assess the influence of direct-plant biocontainers on plant growth and establishment and the rate of container decomposition in landscape. In 2011, container type did not affect the growth of any of the three species used in this study with an exception in one location. The three species were 'Sunpatiens Compact Magenta' new guinea impatiens (Impatiens ·hybrida), 'Luscious Citrus' lantana (Lantana camara), and 'Senorita Rosalita' cleome (Cleome ·hybrida). In 2012, the effect of container type on plant growth varied with location and species. Cleome, new guinea impatiens, and lantana plants grown in coir and straw containers were in general smaller than those in peat, plastic, rice hull, and wood fiber containers. After 3 to 4 months in the field, manure containers had on average the highest rate of decomposition at 88% for all five locations and two growing seasons. The levels of decomposition of other containers, straw, wood fiber, soil wrap, peat, coir, and rice hull were 47%, 46%, 42%, 38%, 25%, and 18%, respectively, in descending order. Plantable containers did not hinder plant establishment and posttransplant plant growth. The impact of container type on plant growth was smaller compared with that of location (climate). Similarly, the impact of plant species on pot decomposition was smaller compared with that of pot material. P etroleum-based plastics are the most common materials used for greenhouse and nursery container construction. With limited opportunities for recycling, plastic containers are often destined for the landfill and present a significant solid waste issue for the green industry. In California alone, Hurley (2008) estimated that greenhouse and nursery growers disposed more than 11,800 tons of plastic trays, flats, and containers annually. As the green industry is moving toward sustainability to meet the demands of society, the use of biocontainers as alternatives to plastic containers has drawn significant attention, especially because they do not have the same disposal issues as plastic containers.
A wide variety of biocontainers are available in the market (Table 1) . Biocontainers are generally classified as being either plantable or compostable (Evans and Hensley, 2004; Evans et al., 2010) . Plantable biocontainers are designed to allow roots to grow through the container walls and into the surrounding soil. These containers readily decompose after being directly installed in the landscape (Evans et al., 2010) . In contrast, compostable biocontainers do not decompose quickly enough to allow roots to physically break through container walls. As such, these containers must be separated from the plant at transplanting (Mooney, 2009) .
Plants can be exposed to stresses such as extreme temperature, mechanical injury, and changes in growing environment when they are transplanted into the landscape. These stresses adversely impact plant growth and can lead to a condition known as transplant shock (Koeser et al., 2009; McKay, 1996) . Proponents of plantable biocontainers suggest that their use limits root system disruption and reduces transplant shock (Evans and Hensley, 2004; Evans and Karcher, 2004) .
Biocontainers have been linked to both decreased growth and increased need for irrigation in greenhouse production. Evans and Hensley (2004) reported that shoot dry weights of 'Janie Bright Yellow' marigold (Tagetes patula), 'Cooler Blush' vinca (Catharanthus roseus), 'Orbit Cardinal' geranium (Pelargonium ·hortorum), and 'Better Boy' tomato (Solanum lycopersicum) grown in feather and peat containers were lower than those grown in plastic containers. However, a greenhouse study has shown that dry weights of 'Yellow Madness' petunia (Petunia ·hybrida) grown in slotted rice hull and bioplastic sleeve containers matched or exceeded those of a conventional plastic control . This was attributed, in part, to the relatively impervious nature of the materials used to construct the slotted rice hull containers and bioplastic sleeves . Most plantable biocontainers are made from highly porous materials (e.g., peat, wood fiber, or manure) that may provide little resistance to water loss from the root zone to the surrounding soil in the landscape (Koeser, 2013) . Furthermore, it is believed that some biocontainers (e.g., peat) may wick water up out of the root zone if not sufficiently buried (Kuehny et al., 2011) . 'Cooler Blush' vinca and 'Dazzler Rose Star' new guinea impatiens plants grown in feather and peat containers required more water and more frequent irrigations than those grown in plastic containers (Evans and Karcher, 2004) . Evans et al. (2010) also observed that the amount of water required to produce a geranium crop was significantly higher and the average irrigation intervals were shorter for peat, wood fiber, coir, manure, and straw containers than for traditional plastic containers.
Plantable biocontainers are designed to degrade in field soil. This rate of decomposition must be slow enough to meet the needs of growers during greenhouse production, but fast enough not to impede plant establishment, root growth, and future landscape aesthetics and uses. To date, a few studies have addressed the rate at which plantable pots degrade after placement in the landscape (Evans et al., 2010) . Decomposition of peat and feather containers was significantly affected by container type and the species grown in the container (Evans and Karcher, 2004) . In landscape trials held in Pennsylvania and Louisiana, Evans et al. (2010) reported that manure containers had faster decomposition than peat, straw, and wood fiber containers, followed by coir containers. Evans and Karcher (2004) observed that the difference in decomposition between peat and feather containers in which 'Better Boy' tomatoes were planted was insignificant. However, the same study also showed that decomposition was higher for feather containers than for peat containers in which vinca and marigold were grown. To date, no studies have assessed decomposition of the more recently developed slotted rice hull and bioplastic sleeve in field soils. To address this concern, field trials of seven plantable biocontainers (coir, manure, peat, rice hull, soil wrap, straw, and wood fiber) were conducted in 2011 and 2012 at five locations in the United States with wide variability in climate to assess the impact of containers on plant performance and container decomposition.
Materials and methods
Landscape trials were conducted at research field plots at the University of Illinois at Urbana-Champaign (IL); University of Kentucky, Lexington (KY); Mississippi State University, Crystal Spring (MS); Texas A&M University at El Paso (TX); and West Virginia University, Morgantown (WV) during the 2011 and 2012 growing seasons. All plants were grown in the field plots for the same number of degree days (4630 degree days with a base temperature of 4.5°C) for all locations. The study period for the 2011 growing season was set as the expected number of degree days based on historic averages from the planting date to the average first freeze date at the coldest trial site (Illinois). This trial period was used again in 2012 for consistency. Mean monthly temperature, light, precipitation, and relative humidity at the five locations for 2011 and 2012 growing seasons were recorded and are shown in Table 2 .
Seven types of plantable biocontainers including coir, manure, peat, rice hull, soil wrap, straw, and wood fiber were used in the study (Table 1) . Control plants grown in standard thinwalled green plastic pots [13.7 cm As indicated in manufacturers on-line/print catalog; 1 inch = 2.54 cm, 1 cm = 0.3937 inch. y Lopez and Camberato (2011) . 
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• February 2015 25 (1) diameter, 11.3 cm tall, 480 cm 3 volume (Dillen 04.00; Myers Industries, Middlefield, OH)] were removed from containers at transplanting. All biocontainers used in the trials were chosen on the basis of their direct-plant design and commercial availability in sizes similar to the control, standard plastic container.
Three species with different water requirements were chosen for the field trials. 'Sunpatiens Compact Magenta' new guinea impatiens has relatively high water-use requirement. 'Luscious Citrus' lantana was included due to its low water-use requirement. 'Senorita Rosalita' cleome is a plant with moderate watering requirements compared with new guinea impatiens and lantana. In Texas, 'Silver Mound' artemisia (Artemisia schmidtiana) and 'Nanho Blue' buddleia (Buddleia davidii) were used in 2012 trial as the cleome and new guinea impatiens proved to be ill-suited for the site. Plants were transplanted in the field by species to prevent the taller species (i.e., cleome) from crowding or shading the lower growing species (i.e., new guinea impatiens).
Before the start of the trial, plugs purchased from commercial growers were grown to a marketable size (%3 weeks) under conventional greenhouse conditions at each location. A commercial growing mix consisting of peat, perlite, and vermiculite was used for greenhouse production [Fafard 2 Mix (Illinois) or Sunshine Mix #4 (Texas); Sun Gro Horticulture, Agawam, MA]. Plants were watered whenever needed to prevent water stress in all locations and were fertilized with nutrient solution in the greenhouse before transplanting to the field. The irrigation interval and amount varied with environmental conditions in each location. After reaching marketable size, plants were transplanted into field plots at 2-ft intervals; the biocontainers were left intact on the root ball. Weeds were controlled with black landscaping fabric (Weed-Barrier-Pro; DeWitt Co., Sikeston, MO). Plants in the field plots were well irrigated in all locations via drip irrigation throughout the growing seasons.
At the end of both seasons, all aboveground shoots were collected and oven dried, and shoot dry weights were recorded. The containers were dug, removed from the root ball, cleaned, and dried. Residual pot dry weights were recorded to determine the container decomposition in the landscape. The level of decomposition of the biocontainers was expressed as a percentage of the initial dry weights of new containers of the same type.
The trials were arranged in a completely randomized design per species with 10 plants of each species per container type per year serving as replications and the individual potted plant designated as the experimental unit. Because of this, experimental design each species was analyzed separately. A four-way analysis of variance was conducted to test the influence of types of biocontainers, plant species, locations, and trial seasons on shoot dry weights and percentage of biocontainer decomposition. To test the effect of location on container decomposition in 2012, data from Texas were excluded. Means separation among containers was conducted using Tukey's honest significant difference multiple comparison. All statistical analyses were carried out using SAS software (version 9.1.3; SAS Institute, Cary, NC).
Results and discussion
SHOOT DRY WEIGHT. The shoot dry weights of the three tested plant species (cleome, lantana, and new guinea impatiens) across three different states including Illinois, Mississippi, and West Virginia were significant among plant species (P < 0.0001), locations (P < 0.0001), type of containers (P < 0.0001), and between growing seasons (P < 0.0001). All interactions among the four factors were also significant (P < 0.05), but interaction of container type with growing season was not (P = 0.93). Therefore, all data were analyzed and presented separately by plant species, then growing season, location, and type of containers.
In the 2011 growing season, shoot dry weights of cleome were similar for plants grown in different containers in all locations except Mississippi (Table 3) . Cleome plants grown in rice hull containers in Mississippi had the highest shoot dry weights, while those plants in straw containers showed the lowest shoot dry weights, a 25% reduction compared with the highest dry weight. The shoot dry weights of cleome plants in other containers were similar. Cleome plants grown in Mississippi had the greatest shoot dry weights, followed by Illinois, and those in West Virginia and Texas had the least shoot dry weights. The shoot dry weights of cleome plants grown in Mississippi • February 2015 25 (1) were two times and six times as much as that in Illinois and West Virginia, respectively. In 2012, container type significantly impacted the shoot dry weights of cleome plants grown in Illinois and Kentucky and the shoot dry weights of artemisia plants grown in Texas (Table 3 ). In Illinois, shoot dry weights of cleome plants grown in manure or soil wrap containers were %55% that of the plants in plastic containers. In Kentucky, shoot dry weights of cleome plants grown in straw and wood fiber containers were 58% to 68% that of plants grown in peat containers. In Texas, shoot dry weights of artemisia plants were higher in plastic and rice hull containers than those in straw and wood fiber containers. The shoot dry weights of cleome plants grown in Mississippi were three times, two times, and six times as much as that in Illinois, Kentucky, and West Virginia, respectively.
To test the effect of growing seasons on the shoot dry weights of cleome plants, data from Illinois, Mississippi, and West Virginia were further analyzed. Cleome plants performed similarly and accumulated similar shoot dry weights in both 2011 and 2012 growing seasons (P = 0.96). From these results, it was obvious that the differences in shoot dry weights of cleome plants due to container type (up to 0.45 times) were much smaller than that due to location (up to six times).
Shoot dry weights of lantana plants grown in eight types of containers were not significantly different at all locations in the 2011 growing season (Table 4) . Lantana plants grown in Mississippi had the greatest shoot dry weight, whereas those grown in Illinois, Texas, and West Virginia showed similar shoot dry weights. The shoot dry weights of lantana plants grown in Mississippi were two times, four times, and three times as much as that in Illinois, Texas, and West Virginia, respectively. In 2012, shoot dry weights of lantana plants were significantly different among various containers at all locations. In Illinois, shoot dry weights of lantana plants grown in coir containers were 62% that of plants in rice hull, while no differences were found in plants grown in manure, peat, plastic, soil wrap, straw, or wood fiber containers. In Kentucky, lantana plants grown in plastic containers produced the highest shoot dry weight (398 g/plant), while those in straw containers had the least shoot dry weight (273 g/plant). In Mississippi, lantana plants grown in peat, plastic, or rice hull containers had similar shoot dry weights to those in coir, soil wrap, straw, or Means with same lowercase letters within column (among containers) or uppercase letters within row (among locations) are not significantly different among treatments by Tukey's honest significant difference multiple comparison at P < 0.05. wood fiber containers, while they were %30% higher than those in manure container. In Texas, shoot dry weights of lantana plants grown in rice hull, soil wrap, and straw containers were similar to those in plastic containers, whereas those in coir, manure, peat, or wood fiber containers were smaller than those in plastic containers. In West Virginia, lantana plants grown in peat and rice hull containers had the greatest shoot dry weights, while those in coir and straw containers had the least shoot dry weights. Lantana plants grown in Mississippi had the highest shoot dry weights, followed by Kentucky, while those in West Virginia had the least shoot dry weights. The shoot dry weights of lantana plants in Mississippi was five times, two times, four times, and 10 times more than that in Illinois, Kentucky, Texas, and West Virginia, respectively. In addition, lantana plants evaluated in Mississippi and Texas yielded greater shoot dry weights in 2012 than in 2011 (P < 0.0001), while lantana plants had greater shoot dry weights in 2011 than in 2012 in West Virginia (P < 0.0001) and no differences between 2011 and 2012 in Illinois (P = 0.2). Similar to cleome, the effect of container type on shoot dry weight was small enough to be neglected compared with the location effect for landscape performance.
New guinea impatiens plants grown in different containers had similar shoot dry weights in all locations except Mississippi in 2011 (Table 5). Shoot dry weights of new guinea impatiens plants grown in containers made with manure, peat, or straw were %35% lower than those grown in plastic containers in Mississippi. The shoot dry weights of new guinea impatiens plants grown in coir, rice hull, soil wrap, or wood fiber containers were similar to those in plastic containers. New guinea impatiens plants grown in Illinois had the greatest shoot dry weight, which was two times, three times, five times as much as that in Mississippi, Texas, and West Virginia, respectively. In 2012, new guinea impatiens plants grown in different containers produced similar shoot dry weights in Illinois, Kentucky, Mississippi, and West Virginia. Buddleia was used for the field trial in Texas in 2012 because new guinea impatiens plants died in the middle of the 2011 growing season. The shoot dry weights of buddleia plants grown in plastic containers were 25% to 35% higher than those in manure or straw containers, while similar to those grown in coir, peat, rice hull, soil wrap, and wood fiber containers. New guinea impatiens plants grown in Kentucky and West Virginia had higher shoot dry weights than those in Illinois and Mississippi. Shoot dry weights of new guinea impatiens plants grown in Kentucky and West Virginia were two to three times more than that in Illinois and Mississippi. New guinea impatiens plants grown in Illinois had less shoot dry weights in 2012 than in 2011 (P < 0.001), while in West Virginia, higher shoot dry weights were found in 2012 than 2011 (P < 0.001). In Mississippi, no differences in shoot dry weights were found between the growing seasons (P = 0.7). Again, similar to the other two species, the effect of container type on plant growth was much smaller than that of the location effect. For all three species, in general, plants grown in peat, rice hull, and wood fiber containers had similar to or higher dry weights than those in plastic containers.
The U.S. Center for Applied Horticulture Research (CfAHR, 2010) reported that petunia plants grown in coir and plastic containers were similar in size during the postproduction phase in greenhouse. Ingram and Nambuthiri (2012) observed that rice hull did not negatively impact the shoot development of two sedum (Sedum hybridum and S. spurium) species and liriope (Liriope muscari) during field establishment when compared with plastic containers. They further observed that ajuga (Ajuga reptans), lamiastrum (Lamiastrum galeobdolon), lamium (Lamium maculatum), and sedum plants grown in wood fiber containers and soil wrap containers were similar to those of plants grown in plastic containers, while peat containers yielded smaller plants and slower ground coverage after transplanting in the field than plants grown in wood fiber, soil wrap, and plastic containers (Nambuthiri and Ingram, 2014) . Plants grown in this study in containers with highly porous materials (e.g., coir, straw) were generally smaller than those in peat, rice hull, and wood fiber containers (Tables 3-5) . Similar results have been reported by CfAHR (2010). They observed that petunia plants grown in coir containers were smaller than those in rice hull containers. This is most likely because coir and straw containers provide little resistance to water loss from the root zone to the surrounding soil in the landscape (Koeser, 2013) and plants grown in such containers often reached the point of incipient wilting between irrigations (Evans and Hensley, 2004) . In addition, the air entering the holes of coir and straw containers' wall may kill the plant root tips (Privett and Hummel, 1992) , which hinder roots growing into the surrounding soil in the landscape. Although air root pruning encourages new roots to grow behind the pruned portion of the root, reliance on the limited soil space within containers can cause increased moisture stress when combined with the accelerated drainage conditions noted above (Spomer, 1980) . POT DECOMPOSITION. Pot decomposition across three different states including Illinois, Mississippi, and West Virginia were significant among plant species (P < 0.0001), locations (P < 0.0001), type of biocontainers (P < 0.0001), and between growing seasons (P < 0.0001). All interactions among the four factors were also significant (P < 0.004). Therefore, all data were analyzed and presented separately by plant species, then trial seasons, locations, and type of biocontainers.
In all locations, manure containers had the highest level of decomposition in the field (Tables 6-8) .
On average, about 96%, 94%, 79%, 83%, and 88% of material in manure containers decomposed at the end of both growing seasons for Illinois, Kentucky, Mississippi, Texas, and West Virginia, respectively. Evans et al. (2010) also observed that manure containers had the highest decomposition percentages of 62% and 48% in the Pennsylvania and Louisiana locations, respectively, when compared with coir, peat, straw, and wood fiber containers. These decomposition levels were much lower than the numbers reported in this study. The differences in pot decomposition percentages between our study and Evans et al. (2010) may be due to the difference in trial period; ours was at least 3 months as compared with 8 weeks in Evans et al (2010) . Although lower than manure containers, levels of decomposition of straw, wood fiber, soil wrap, and peat containers showed consistently higher values than coir and rice hull containers, which had the lowest level of decomposition of all the tested containers. There was 47%, 36%, 52%, 48%, and 48% of material in straw and 45%, 50%, 54%, 66%, and 9% of material in wood fiber containers decomposed at the Illinois, Kentucky, Mississippi, Texas, and West Virginia sites, respectively. The level of decomposition of soil wrap was 36%, 37%, 35%, 68%, and 28% for Illinois, Kentucky, Mississippi, Texas, and West Virginia, respectively, while that of peat containers was 34%, 32%, 40%, 49%, and 30%, respectively. The level of decomposition of coir containers was 29%, 35%, 20%, 33%, 8.5% for Illinois, Kentucky, Mississippi, Texas, and West Virginia, respectively, and 17%, 11%, 26%, 15%, and 16% of material decomposed in rice hull containers. Most of these decomposition percentages are higher than those previously reported by Evans et al. (2010) . They found that peat, straw, wood fiber containers decomposed 32%, 28%, and 24%, respectively, in Pennsylvania, and 10%, 9%, and 2%, respectively, in Louisiana. In their study, coir containers had the lowest level of decomposition at 4% and 1.5% in Pennsylvania and Louisiana, respectively.
Container decomposition is affected by the container material and nitrogen, moisture, temperature, pH, and microorganisms of the soil in which the containers are planted (Nambuthiri et al., 2013) . Differences in decomposition rates of biocontainers in this project may be partially due to the container materials. Those containers composed of materials high in cellulose such as manure had higher rates of decomposition than those composed of materials high in lignin or other difficult-to-decompose components such as coconut fiber and rice hull containers (Evans et al., 2010) . CfAHR (2009) also reported that manure container decomposed faster in soil than wood fiber and coir containers. Furthermore, the significant level of nitrogen present in the dairy manure used to formulate the manure containers may have increased microbial activity and subsequent decomposition of the containers (Evans and Karcher, 2004) . Decomposition is also affected by the species in the containers (P < 0.0001; Evans and Karcher, 2004) , and a significant interaction between species and containers was observed (P < 0.0001). However, the magnitude of differences in pot decomposition due to species was much smaller compared with that due to container type. In our 
Conclusion
The effect of container type on plant performance varied with climate (location), growing season, and species. Compared with the effect of climate on plant performance, the impact of container type was relatively too small to be concerned in view of landscape aesthetic appearance. Container decomposition was primarily influenced by container type (material) but also influenced by climate and species at relatively smaller magnitude. Manure containers had on average the highest rate of decomposition (88%), followed by straw, wood fiber, soil wrap, peat, coir, and rice hull in descending order. 
